The Chinese herbal decoction formula Xiao Jian Zhong Tang (XJZT) is one of the classic formulas from the classic traditional Chinese medicine (TCM). Previous studies on XJZT found that it is effective for treating peptic ulcer, irritable bowel syndrome, functional gastroenteritis and similar psychosomatic disorders of the digestive organs. It has also been shown that all the herbs used in XJZT contain antioxidants. In this study, we investigated the in vitro DNA protection effect of the individual herb extracts and the whole formula. Water extract of the herbs and XJZT were used to pre-treat human lymphocytes. The lymphocytes were then exposed to hydrogen peroxide. The in vitro DNA protection effect of the herbs was investigated by comet assay. No DNA protective effect (P <0.05) was found for individual herb extracts, but XJZT showed protection of human lymphocytic DNA upon oxidative stress (P<0.05). The in vitro DNA protection effect of XJZT was conferred by the synergistic effect of the herbs, while the individual herbs had no such effect.
The formula Xiao Jian Zhong Tang (XJZT) is one of the 112 formulas from the classic traditional Chinese medicine (TCM) text, Shan Han Lun (also known as Treatise on Exogenous Febrile Disease), written by Zhang Zhong Jing [1] . In China, Japan and Taiwan, XJZT had been found to be effective for treating peptic ulcer [2] , inflammatory bowel disease, functional gastroenteritis and similar psychosomatic disorders of the digestive organs [3] . It is suggested that chronic gut inflammation is associated with imbalance of production and detoxification of reactive metabolites of oxygen and nitrogen [4] [5] [6] . Individuals with a variety of chronic inflammatory diseases, such as ulcerative colitis, viral hepatitis and parasitic diseases, are more susceptible to cancer [7] .
Some of the substances that are found in plants possess health promoting and therapeutic effects [8] . Various herbs are antiinflammatory and antioxidative, and some of these are currently being used to treat inflammatory disorders and those caused by reactive oxygen species ROS [9] . The process of tissue damage may be prevented or slowed by the herbs that can scavenge reactive oxidant chemicals. The ethanol extracts of the herbs used in XJZT have been found to possess antioxidant activities [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . By relating the clinical application of XJZT and the antioxidant activity of the ingredients, it seems that the antioxidant effect may be a possible explanation for how the formula works.
The aim of this study was to investigate the potential DNA protective effect of the water extract of individual herbs and the whole formula of XJZT. Since the importance of maltose in the formula has been emphasized, the role of maltose would also be investigated by omitting it from the XJZT formula.
Herbal extract at the concentration that did not cause direct DNA damage was used for H 2 O 2 stress (Table 1) . Upon H 2 O 2 challenge, decreased DNA damage was seen in cells pre-treated with quercetin (P <0.01) and XJZT (P <0.05). XJZT without maltose showed some degree of protection, but did not reach a significant level. Results indicated that none of the single herbs, including maltosum, possessed genoprotection activity (P < 0.05) ( Figure 1 ). Though previous studies showed that the herbs used in XJZT contain antioxidants [14, 21, 23, [24] [25] [26] [27] , no genoprotective effect of individual herbs was found by comet assay in this study. However, DNA damage could be diminished by pre-treating with the whole formula extract.
With the synergistic effect of the herbs, XJZT showed genoprotection against DNA damage, as proved by the comet assay. None of the herbs alone showed DNA protection against H 2 O 2 in the current study. Most of the previous studies were non-cellular models, such as DPPH radical scavenging activity, ferric-reducing antioxidant power assay or ABTS radical cation-scavenging assay. Moreover, the antioxidants previously identified in the herbs are either insoluble or not dissolved well in water. In the present study, water extract of the herbs were employed to follow the traditional practice of preparation of a Chinese decoction.
In spite of the fact that the individual herbs used in XJZT did not demonstrate direct protective effects on DNA, XJZT formula was able to diminish DNA damage mediated by H 2 O 2 . The importance of maltose was tested by removing it from the formula. The protection was reduced and did not reach a statistically significant level ( Figure 1 ). In TCM, a combination of multiple herbs is used in a prescription. The therapeutic effect of a formula is the resultant interaction of the different herbal medicines, and herbal functions of a single herb could not always be experimentally demonstrated. Our study demonstrated that the herbs, Cinnamomi Ramulus, Glycyrrhizae Radix perparata, Zingiberis Rhizoma recens, Paeoniae Radix alba, Jujubae Fructa and maltosum, which have been suggested to be antioxidative, did not exhibit direct DNA protection against oxidant challenge in the comet assay. However, when these herbs were used in combination for the formula XJZT, DNA protection was shown.
It is documented that there is an association between inflammation and oxidative stress [28] . ROS may play an important role in the pathogenesis of inflammatory bowel disease [29] [30] [31] . ROS, formed in excess in inflammatory bowel disease, is likely to play an important role in the increased risk of cancer [28] . ROS can cause severe damage to DNA, lipids and protein [32, 33] . Ulcerative colitis patients are found to have increased 8-hydroxydeoxyguanosine levels in sigmoid mucosa [34] and in leukocytes in both ulcerative and Crohn's disease patients [6] . The high levels of DNA damage result from an increased free-radical production, which is not counteracted by an appropriate antioxidant response [6, 34] . The accumulation of DNA damage also occurs in patients with chronic gastritis [35] . Based on the findings mentioned above, the DNA protection effect of XJZT may be a possible therapeutic mechanism for clinical application for inflammatory bowel disease and peptic ulcer. Moreover, XJZT may have a potential application for treating diseases caused by DNA damage.
This is the first study to investigate the in vitro DNA protective effect of XJZT decoction on human lymphocytes by comet assay. Results showed that the decoction offered DNA protection in vitro.
More importantly, the formula should be studied as a whole and the interaction among herbs should be considered when investigating the properties of herbal medicines. Herbal medicine: All herbal medicines were purchased from Wai Yuen Tong (Retail) Ltd., Hong Kong. The fresh ginger rhizome and maltose were purchased from a local supermarket.
Experimental

Chemicals and reagents:
Herbal extract:
The herbal extracts were prepared as if preparing the decoction XJZT for clinical use. The amount of herbs used was based on the proportion of the herbs used in the original formula (Tables 2 and 3 ). The weighed herb/herb mixture was cut into small pieces and soaked in 500 mL deionized water (Millipore, Bedford, MA, USA) for 30 min. The mixture was heated to boiling and kept boiling for 30 min. The extract was filtered through Whatman no. 1 filter paper and the volume of the filtrate was made up to 500 mL with deionized water to form the neat herbal extract. The comet assay is a rapid and very sensitive fluorescent microscopic method to assess DNA damage and repair at the level of individual cells [36] . The alkaline (pH > 13) version of comet assay can detect single-strand breaks and alkali liable sites in individual cells [37] . In the comet assay, under an electric field, the damaged DNA migration towards the anode is found to be a function of both size and the number of broken DNA ends [38] . incubated with 1 mL of different concentrations of test agent at 37 o C for 30 min. After incubation, the treated lymphocytes were centrifuged at 1200 rpm at 4 o C for 5 min. Then, the supernatant was discarded and 1 mL PBS was added to wash the cells. For DNA damage studies by comet assay, the supernatant was removed as much as possible after centrifugation at 1200 rpm (about 200 g) at 4 o C for 5 min.
Isolation of lymphocytes:
Comet assay: The comet assay was performed based on the procedures of Szeto and co-workers [39] . In brief, microscope slides were pre-coated with 1% standard melting point agarose. The pre-coated slides were layered with 85 µL 1% standard agarose. After setting, a layer of cells and low melting point agarose mixture were added onto the standard agarose layer of the slide. The cells and low melting point agarose mixture consisted of test agent treated lymphocytes mixed with 1% (w/v) low melting point agarose (85 µL), prepared in PBS and pre-warmed at around 40 o C. The sandwich-slides were kept at 4 o C for a few min until the gel was solidified. The slides were put into a staining jar with cold lysis solution (2.5 M NaCl, 0.1 M Na 2 EDTA, 10 mM Tris, 1% Triton X-100, pH 10) and kept in the dark at 4 o C for 1 h for cell lysis. Afterwards, these slides were put into cold electrophoresis solution (about 40 mL in a staining jar) for 20 min to unwind DNA and express alkali labile sites. This step was repeated again before electrophoresis. Then the slides were placed evenly on the tray of an electrophoresis tank filled with cold electrophoresis solution (0.3 M NaOH, 1 mM Na 2 EDTA), which just covered the slides. Electrophoresis was run using a constant voltage (25 V) and an adjusted current of 300 mA (by raising or lowering the electrophoresis solution level) for 30 min. During electrophoresis, the tank was kept cool with ice packs. After electrophoresis, the slides were removed from the tank and soaked 3 times in deionised water for 5 min to remove the alkali. The slides were air dried at room temperature before staining with ethidium bromide solution.
By fluorescent microscopic examination, the highest concentration of the test agent that did not have a damaging effect on DNA was determined ( Table 1 ). In the H 2 O 2 stress test, the in vitro DNA protecting effect of the test agents used was based on the concentration found before (Table 1 ).
In the H 2 O 2 stress test, the isolated lymphocytes were incubated with 1 mL of test agent at 37 o C for 30 min. PBS was used as negative control and quercetin as positive control. After incubation, the treated lymphocytes were centrifuged at 1200 rpm (about 200 g) at 4 o C for 5 min. Then, the supernatant was removed as much as possible, and 1 mL PBS added to wash the cells. After discarding the supernatant, 1 mL of 60 µM H 2 O 2 in PBS was added to stress the lymphocytes. The oxidation stress process was conducted in the dark and kept in an ice bath for 5 min. The reaction mixtures were centrifuged at 1200 rpm at 4 o C for 5 min and the supernatants discarded. Afterwards, the cells were washed with 1 mL of PBS and the supernatant discarded after centrifugation. Then, the cells were added to low melting point agarose to conduct the comet assay. For each subject, 2 replicate slides were produced. After comet assay, the slides were stained with 40 μL ethidium bromide (2 mg/L) before scoring. One hundred cells per gel were viewed randomly and scored under a fluorescence microscope (Nikon ECLIPSE E800, Nikon, Tokyo, Japan). A computerized image analysis system, TriTek's automatic assay system (TriTek CometScore TM ), was employed to measure the Comet parameters. The percentage tail DNA was then used for statistical analysis. For each gel in a slide, 100 cells were scored (200 cells in total for each subject).
Statistical analysis:
The scores of DNA damage in the lymphocytes from 3 subjects in 2 replicate runs were recorded. Data were analyzed using the Prism 5 for Windows software (Prism 5.0, GraphPad Software, CA, USA) to investigate if there was a significant change in DNA damage with herbal pre-treatment. The data of the test agents were compared to those of the control (PBS only) using Dunnett's multiple comparison tests. P values less than 0.05 were regarded as statistically significant.
